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(57] ABSTRACT 

An compact antenna device which is intended for a small- 
size portable radio communication device and comprises a 
ground plane (1), a first radiating patch (2), a grounding 
means (3) connecting the patch and the ground plane. The 
patch is fed by a feeding means (6) which is simated on the 
same or opposite side of the ground plane or coplanar 
therewith and couples through a slot (5) provided in the 
ground plane. The disclosed antenna device may include 
further radiating patches in the same or higher levels as the 
first radiating patch. The antenna device also provides for 
wideband and/or multiband operation. 
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PIAMAR ANTENNA DEVICE FIGS. 2A-E show views of the first general embodiment 

according to the invention iacludiqg conductive plates, 

FIELD AND BACKGROUND OF THE grounding means, a slot, a dielectric, and a feed conductor. 

INVENTION PIG 3 shows in an exploded view parts of the antenna 

Tlic invention relates to the field of planar antenna ^ ^^" '^^ 

devices, and especially to a planar antenna device including FIGS. 4A-K show different embodiments and variations 

a conductive first plate acting as a ground plane, a second of the radiating patch of FIG. 3, 

conductive plate and a grounding means connecting the FIGS. SA-C show different embodiments and variations 

second conducting plate and the groimd plane. Specifically, of the ground plane of FIG. 3. 

it relates to an aperture -coup led planar antenna device for a piGS. 5D-E show an embodiment and variations thereof 

mobile radio oommunication device, e.g., a hand-portable wherein the ground plane and feed conductor of FIG. 3 are 

telephone. The invention further relates to this type of integrated 

antenna which is intended for operation within two sepa- pjQg ^^.g L-elcmenl variations of the embodi- 

rated frequency bands. ^^^^^ 

miOR ART FIGS. 6C-E show F-element variations of the embodi- 

raents. 

U.S. Pat. No. 5,355,143 discloses an antenna device piGS. 6F-I show T-elcment variations of the embodi- 

wherem a half wave patch radiating element is mounted on mcots 

a dielectric carrier spaced on a first side from and parallel to 20 . l , j. -w, , 

a ground plane which is provided with a slot. On a second ^J^^?' ^^^""^^ T-elcmcnt variations of the 

side of the ground plane there is provided a feeding probe unents. 

which feeds the patch by coupling energy through the slot. ^^-^ G-stnicture variations of the embodi- 

The ground plane, the feeding probe, and a conductive plate mcnts. 

together form a stripline. The teachings of that document are 2S FIGS. 7A-F show alternative feed arrangements of the 

directed towards an antenaa array and tbe antenna devices embodiments. 

thereof are excessively large when integration in portable FIGS. 8A-D are perspective views of an embodiment 

radio communication equipment is considered. according to the invention, with alternative feeding arrapge- 

U.S. Pat. No. 5,365,246 discloses another antenna device meats and variations thereof, 

consisting of two parallel elongated L-shaped radiating FIGS. 9A-E illustrate an embodiment according to the 

elements which arc parallel to and mounted in one end to a invention, of an antenna device with a radiating slot, and 

ground portion and which are fed by one or two probes. variations thereof. 

pose radiating elements have a slot between them which p,gs. lOA-C illustrate embodiments according to the 

has a smaUer width at free ends of the elements. Hiat invention, of an antenna device provided with capacitances 

antenna device is more suited for portable equipment, but u ^ ^^^^^ ^^^^^^ dimensions, 
has the disadvantage of a complicated design with regard to 

the feeding probes. However, that document is regarded to DESCRIPTION OF A PREFERRED 

disclose the prior an closest to the invention. EMBODIMENT 

The above-mentioned documents arc incorporated herein ^ith reference to FIG. 1, a smaU-size mobUe telephone is 

y reterence. provided at its bade side, preferable at a portion in which an 

SUMMARY OF THE INVENllON operator is not typicaUy gripping the telephone, with an 

antenna device according to the invention. The antenna 

A main object of the invention is to provide a compact device, which is preferably mounted inside and parallel to a 

antenna device with high antenna performance which is 45 non-conductive chassis wall of the telephone, includes a 

suited for production in large quantities. conductive ground plane or conductive first plate 1 having 

A particular object of the invention Ls to provide an *° o^**' s*^* *d side 16, a radiating patdi or 

antenna device which may be integrated in a portable radio conductive second plate 2 parallel to the ground plane 1, a 

device, e.g., small-size mobile telephone. grounding means 3 connecting the patch 2 to the outer side 

Another object is to provide an antenna device with 1" of ground plane 1 along one edge of the radiating 

improved bandwidth and matching features. P^!.* \^ slot aperture 5 is provided in the ground plane 

^. ri.- -J J. under ^ P^tcb 2 in the proximity of and alongside the 

Other objects of the invention arc to provide a dual or g^unding means 3. On the imier side Ifc. there is provided 

muhi band antenna device, to provide an antenna device a dielectric plate 4 which carries the ground plane on the one 

which IS capable of direcimg the radiation away from the ^ f^^ing conductor 6 on the other, 

body of an operator so as to avoid radiation absorption in the r j- j . ^ . j_ l , . , 

bodj. and tV provide very short radiaUng sSictures in eedmg condu^or 6 extends acr^ the slot 5, per- 

relation to the wavelength. pendiaUar to the slot 5 and to the grounded edge 2a of the 

_ . L u . .L J . patch 2. The feedmg conductor 6 consists m order of a feed 

■niese and other objects are attained by an antenna device portion 8 which is connected to telephone circuitry (not 

accordmg to the appended claims. ^ ^^^^ ^ portion 18, a quarter-wave transformer 17 

BRIEF DESCRIPTION OF THE DRAWINGS matching the impedance of the antenna to a standardized 

impedance of tbe circuitry (50 ohms), and a second line 

FIG. 1 shows a perspective view of a mobile telephone portion 19 extending across the slot 5 by essentially one 

provided with a first general embodiment of an antenna quarter of a wavelength and ending by an open end 9. 

device according to the invention including a ground plane 65 Alternatively the feeding conductor 6 is connected to tbe 

having a slot aperture, a radiating plate grounded along one ground plane 1 at its end 10 directly after extending across 

edge, and a feed conductor. the slot 5, In this way, an effective feed of the patch 2 is 
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attained. However, there are many alternative configurations its end 9. This length is preferred to be approximately one 

of the aperture and the feed line. The ground plane 1 is also quarter of the actual wavelength in all the embodiments with 

connected at a feeding portion 7 thereof to the telephone an open end. Alternatively a current maximum over the 

circuitry. aperture can be achieved by connecting the feeding conduc- 

For clarity, FIGS. 2 and 3 show details, having cone- 5 tor to the ground plane 1 or the grounding means 3 at its end 

spending reference numerals, and views of the antenna 10 directly after extending over the aperture 5. An clcctro- 

devioe described with reference to FIG. 1. magnetic field is then created between the ground plane 1 

In FIGS. 8A-D antenna devices, according to the inven- P*^<^^ 2 (or conductive second plate). This field 

tion arc shown in perspective views. Each of these antenna ^^''^^ \ov/3rds the firec end 2b of the patch, where the 

devices includes a conductive ground plane or conductive antenna radiates m a ducction essentially perpendicular to 

first plate 1 having an outer side la and an inner side lb, a S^und plane 1 and the patch 2. 

radiating patch or conductive second plate 2 at a distance Although embodiments have been described, having one 

from the ground plane 1, and a grounding means 3 connect- feeding conductor 6 on either the outer side la or the inner 

ing the patch 2 to the outer side la of the gioimd plane 1 side lb of the ground plane 1, an antenna device according 

along one edge 2a of the radiating patch 2. A slot aperture to the invention could include two or more feeding conduc- 

5 is provided in the ground plane under the patch 2 in the tors 6, with preferably at least one feeding conductor 6 one 
proximity of and alongside the grounding means 3. On the each side. They are possibly exciting separate aperture slots, 
outer side la diere is also provided a dielectric plate 4 which arranged e.g. as described in connection to FIGS. 5B-C, 
carries a feeding conductor 6. The dielectric plate covers the 6F-L and 6N. The feeding portions 8 can then be placed at 
ground plane 1 or parts thereof in order to provide insulation ^0 or near different edges or the same edge of the ground plane 
between the ground plane 1 and the feeding conductor 6, 1. 

The feeding conductor 6 extends across the slot 5, pref- FIG. 9A is a cross-sectional view of an embodiment of an 

erably perpendicular to the slot 5 and to the grounded edge antenna device according to the invention. Aground plane 1 

2a of the patch 2. The feeding conduaor 6 includes in order, is provided with a slot aperture S, preferably in the centre of 

a feed portion 8 which is connected to telephone circuitry the plane. Two grounding means 33, 3 are connected to the 

(not shown), a first line portion 18, preferably a device 17 ground plane I ai a first side la along two oppo.sed edges 

(quarter-wave U-ansformer) for matching the impedance of thereof. TWo conductive plates 32, 2 are connected to the 

the antenna to a standardized impedance of the circuitry, a grounding means 33, 3 respectively, at edges opposed to the 

second line portion 19 extending across the slot 5, and an edges connected to the ground plane. Thereby the grounding 

open end 9, preferably at a distance from the aperture of means 33, 3 interconnect the plates 32, 2 and the ground 

approximately one quarter of a wavelength, of the signal plane 1. The plates 32, 2 extend towards each other, from the 

which is to be transmitted or is received by the antenna respective grounding means 33, 3, and end at edges 37, 38, 

device. Alternatively the feeding conductor 6 is connected to respectively. The edges 37 and 38 limit a radiating slot 34. 

the grounding means 3 or the ground plane at its end 10 Between the ground plane 1 and the plates 32, 2 there is 

directly after extending over the slot 5. In this way, an a metallic layer or conductive plate 35 arranged, preferably 

effective feed of the patch 2 Is attained. However, there are parallel to and at the same (or approximately the same) 

many alternative configurations of the aperture and the feed distoocc L6 from the ground plane 1 and the plates 32, 2. The 

line. The ground plane 1 is also connected at a feeding or metallic layer or conductive plate 35 has edges facing the 

grounding portion 7 thereof to the telephone circuitry. grounding means 33, 3, with a spacing therebetween along 

Referring to FIG. 8A, the end 10 of the feeding conductor each edge. This spacing is approximately equal to the 

6 is electrically connected to the grounding means 3 or the distance L6. The distance between the said edges of the 
ground plane 1. metallic layer or the conductive plate 35 is approximately 

As ilhistrated in FIG. 8B, the grounding means 3 is one quarter of the wavelength, at the actual frequency. The 
provided with an opening 31 through which the feeding 45 metallic layer or conductive plate 35 is electrically insulated 

conductor extends. The opening 31 shall be of such a size from the surrounding conductive parts 1, 3, 33, 32, 2, 

that there will be no electrical contact between the feeding preferably by a dielectric, filling the space 39, or by any 

conductor 6 and the grounding means 3. The space between other suitable method of keeping them electrically sepa- 

ihe grouinding means 3 and the feeding conductor 6 in the rated. If a dielectric is used to fill the space it could be a 
opening 31 can be filled with an insulating material. jq homogeneous dielectric or an inhomogeneous dielectric, 

As ilhistrated in FIG. 8C the feeding conductor 6 is bent such as a foam, 

in a U-shape 36 at its end 9 in order to achieve the desired On the second side lb of the ground plane 1, there is 

length between the slot 5 and the end. The end 9 is an open provided a dielectric plate 4 which is attached to Ibe ground 

end. plane on one side and carries a feeding conductor 6 on the 

The antenna device ilhistrated in FIG. 8D is similar to the 55 other 

antenna device in FIG. 8A with the difference that it is fed The feeding conductor 6 extends across the slot 5, pref- 

from the opposite side, i.e. the feeding conductor 6 extends erably perpendicular to the slot 5. The feeding conductor 6 

from the feed portion 8 through the grounding means 3 and consists in order of a feed portion 8 which is connected to 

thereafter across the slot Its end 9, 10 can be free or telephone circuitry (not shown), a first line portion 18. 
connected to the ground plane 1. It could also be provided 60 possibly a means for matching the impedance of the antenna 

with an U-shs^ end which is open. to a standardized impedance of the circuitry, a second line 

In the operation as a transmitting antenna, the feeding portion 19 extending across the slot 5, and an open end 9 
conductor 6 will excite the aperture 5, creating an electro- preferably at a distance from the slot of approximately one 
magnetic filed across the aperture 5. For best efficiency it is quarter of the actual wavelength. The end can alternatively 
desired that the feeding conductor 6 has a current maximum 6S be connected to the ground plane 1 directly after the feeding 
over the aperture. This is adiieved by choosing an optimal conductor have extended across the slot. The feeding con- 
length of the feeding conductor 6 between the apemire 5 and ductor 6 can be terminated according to any of the variations 


06/28/2004, EAST Version: 1.4.1 


6,002,367 

5 6 

of tenninating a feeding conductor 6 as described with That arrangements facilitates the excitation of the patch in 

reference to FIGS. 8A-D. two different modes. FIG. 4C shows two slacked patches 

In thus way, an effective feed is attained. However, there with different lengths providing a wider operating frequency 

are many alternative configuraiions of the apemire and the band for the antenna or, in fact, operabilily within two 
feed line. The ground plane 1 is also connected at a feeding 5 separated frequency bands. FIGS. 4J-K iUustrate loogitudi- 

or grounding portion 7 thereof to the telephone circuitry. nal slots in a G-stnicture and a )>eleinent antenna, wherein 

Operating as a transmitting antenna the feeding conductor *^ ^ P*^ formed may have different dimensions to 

6 will excite the slot aperture 5, creating an electromagnetic improve bandwidth. Further, the width of such a slot can be 

field across the apernire 5. An electromagnetic field is then *^^P^«^ ^° ^^^^ bandwidth and impedance, 

created between the ground plane and the metallic layer or RGS. 5A-C illustrate respectively the feeding apertures 

conductive plate 35. This field is spread perpendicular to the for an L-clemcnt or F-clement or G-structure, and for a 

field in both directions towards the grounding means 33, 3 G-structure, for a T-elcmcnt. FIGS. 5I>-E show how the 

respectively between the metallic layer or conductive plate feeding conductor is integrated in the ground plane in the 

35 and the ground plane 1, travels between the metallic layer form of a co-planar wave pide with an open end (stub) and 

or conductive plate 35 and the grounding means 33, 3 and a shorted end, respectively. 

further between the metallic layer or conductive plate 35 and RGS. 7A-F shows the interrelation of the feeding con- 

the plates 32, 2 to create a field across the radiating slot 34 ductor 6 and the slot. In FIGS. 7A-E the different combi- 

where the signal is radiated. nations of line conductors, transformers, grounded ends, and 

The antenna device provided by this construction has a open ends are shown. FIG. 7F indicated by dashed lines 

more defined radiating area, which makes it less sensitive to from the side how a feeding conductor, sandwiches in a 

distudjing effects from surrounding parts or components. dielectric between the ground plane and a further conductive 

As seen in FIG. 9B, which is a top view of the antenna plate, may be employed in the invention to couple through 

device illustrated in FIG. 9A, the edges 37 and 38 are a aperture. 

parallel, which forms a rectangular slot, FIGS. 6A-N show "profiles" of different, advantageous 
FIG. 9C, is an alternative top view of the antenna device embodiments of the invention. The reference numerals are 
illustrated in FIG. 9A. Through varying the width of the slot common for common parts in these figures. FIG. 6A dis- 
34 along the edges 37 and 38 another bandwidth is achieved closes a basic inventive concept, wherein a radiating patch 
than in the device having a rectangular slot. In FIG. 9C the 2 is mounted by a grounding means 3 on ground plane 1 
slot 34 is symmetric to a central axis through the slot, and having an aperture in the proximity of the grounding means 
provided with straight edges. Other forms of the slot are 3. By feeding the patch, which is basically of quarter wave 
possible, which will give the device different bandwidths. type, through a non-resonant aperture 5, an improved band- 
Referring to FIG. 9D an antenna device similar to the one width and less sensitivity to an exact feed point are attained, 
described in connection with FIG. 9A is shown in a cross- Single level or stacked T-clements of FIGS. 6F-L are fed 
section view. The difference is the location of the feeding 35 trough two apertures 5, 12 in the ground plane 1. These two 
conductor 6 which is placed between the ground plane 1 and apertures are located close to each other in order to obtain 
the metallic layer or conductive plate 35. correct phasing of the radiating patches. In the case of 
As illustrated in FIG. 9E, which is a side view from the stacked elements, intermediate level patches arc each pro- 
right of the device in FIG. 9D, the feed portion 8 of the vided with an aperture for transferring part of the radiation 
feeding conductor 6 is arranged near the grounding means 3, 49 eneigy from the ground plane aperture(s) to patches at 
which has an opening or aperture through which the feeding higher levels. 

conductor 6 extends. The feeding conductor 6 fivther By a G-structure radiator, according to the invention, as 

extends between the ground plane 1 and the metallic layer or illustrated in FIGS. 6M-N a compactness is achieved while 

conductive plate 35, possibly exhibiting a means for match- the distance for the electromagnetic field to travel within the 
ing the impedance of the antenna to a standardized imped- 45 antenna is maintained. FIG. 6M illustrates a G-suucture 

ance of the circuitry, continues across the slot, and has an radiator with one aperttue slot fed by one single feeding 

open end 9 preferably at a distance of essentially one quarter conductor. FIG. 6N illustrates a G-stnicture radiator oper- 

of the actual wavelength, from the aperture. The end can able within two separated frequency bands, and is provided 

alternatively be connected to the ground plane 1. The with a respective aperture for each band. The apertures are 
feeding conductor can be terminated acoordiiig to any of the 50 fed by one feeding conductor each, 

variations of terminating a feeding conductor 6 as described Referring to RGS. lOA-C an antenna is provided with a 

with reference to RGS. 8A-D. capacitance between the ground plane 1 and an edge 2b of 

In this embodiment, the space 39 as well as the space the patch which is opposite to the edge 2a which is oon- 

between the grounding means 3 and the feeding conductor nected to the grounding means 3. By such a use of a 
6, can be filled or isolation can be provided for, in accor- 55 capacitance the patch appears electrically to be longer (the 

dance with the embodiment described with reference to FIG. distance between 2a and 2b (the edge connected to the 

9A. grounding means and the opposite edge connected to the 

For clarity, FIG. 4 shows details of different embodiments capaciUnce)), wh icb m akes it possible to reduce the physical 

to be further explained with reference to FIG. 6. FIG. 4 length, and thereby providing a smaller antenna device. The 
specifically shows patches, grounding means, slots in the 60 capacitance can inchide one or more capacitors, as iUus- 

patcbes. FIGS. 4A-H show free-standing metal plate trated in FIG. lOA. It can alternatively be foraied from one 

embodiments to the left and embodiments with metal 00 elongate plate (layer) or a number ofplates (layers) arranged 

dielectric a carrier to the right. FIG. 41 shows a T-shape parallel to and at a small distance from the ground plane 1 

element, which includes two patches with a common or the patch 2, as illustrated in FIGS. lOB and IOC respcc- 
grouod, the patches having different lengths and thus dif- 6S tively. The plate(s) or layer(s) are connected to the patch 2 

ferent fundamental frequencies. One of the patches 11 is or the ground plane 1 respectively by conduclor(s) or an 

provided with a slot at the end remote from the grounding. elongate conductive plate (layer) or conductive plates 
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(layers) exteoding essentially perpendicular to the ground 
plane, as illustrated in FIGS. lOB and IOC respectively. 
Preferably the capacitances and their connections are formed 
by metallic layers on dielectric suhstrate(s). 

It should be noted that the drawings may indicate pro- 
portions and dimensions of components of the antenna 
device. However, e.g., thickness of conductive layers have 
been exaggerated for clarity. Although, in many embodi- 
ments conductive plates have been mentioned, it is under- 
stood that it includes the use of conductive layers, possibly 
attached to dielectric substrate(s). Although the invention is 
described by means of the above examples, naturally, a 
skilled person would appreciate that many other variations 
than those explicitly disclosed are possible within the scope 
of the invention. 

We claim: 

1. An antenna device for a portable radio communication 
device, comprising: 

a conductive first plate, 

a conductive second plate parallel to and spaced by a first 
spacing apart from the first plate on a first side thereof 
and having a first edge, 

a conductive first grounding means essentially perpen- 


8. The aotenna device according to claim 6, wherein 
the first plate is provided with a second aperture at a 

distance from the first grounding means, 
a second conductor extends across the second apeiture 
5 parallel to and spaced apart from the first plate on a 

second side thereof, 
the second conductor providing a third feed portion, to be 

coimected to transmitting^eceiving circuitry of the 

radio commuoication device. 
30 9. The antenna device according to claim 1, wherein 
the first conductor is arranged in a same plane as the first 

plate which has a stot in order to leave a spacing 

between the first plate and the first conductor, said 

spacing extending on both sides of the first conductor 
35 at least from the second feed portion to the first 

aperture. 

10. The antenna device according to claim 1, 

said another structure &irther inchiding a second aperture 
corresponding to the first ^erture, so as to facilitate 
20 operation within two s^arated frequency bands. 

11. The antenna device according to claim 1, wherein the 
first conductor includes a transmission line being at least one 
in a group consisting of a microstrip line, a stripline, and a 
coplanar wave guide. 

12. The antenna device according to claim 1, wlierein the 
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plates along a portion of the first edge of the second 
plate, 

the first plate provided with a first aperture at a first 
distance from the first grounding means, 

a first conductor extending across the first aperture, 

the first plate and the first conductor providing first and 
second feed portions, respectively, to be connected to 
transmitting/receiving circuitry of the radio communi- 
cation device, and 

another structure including a third conductive plate and a 
second grounding means corresponding to the second 
plate and the first grounding means, respectively, is 
arranged so as to form, together with a portion of the 
first conductive plate, a side profile having a general ^ 
form of the capital letter G. 

2. The antenna device according to claim 1, wherein the 
first conductor provides the second feed portion at the one 
side of the first aperture and has on the other side an open 
end at essentially one quarter of a wavelength. *5 

3. The antenna device according to claim 1, wherein the 
first conductor provides the second feed portion at the one 
side of the first aperture and is connected essentially iname- 
diately on the other side to the first plate. 

4. The antenna device according to claim 1, wherein the 50 
second plate is provided with a second aperture at a second 
distance from the first grounding means so as to facilitate 
excitation of the second plate in two different resonant 
modes. 

5. The antenna device according to claim 1, wherein 
the first conductor extends across the first aperture parallel 

to and spaced apart from the first plate on a second side 
thereof. 

6. The antenna device according to claim 1, wherein 
the first conduaor extends across the first aperture spaced 

apart from the first plate on the first side thereof. 

7. The antenna device according to claim 6, wherein 
the first conductor extends through an opening in the first 

grounding means, and 
the first conductor and the first groimding means are 
electrically insulated from each other. 
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consisting of a rectangle, a circle, an oval, an ellipse, a bow 
tie, and an arc. 

13. The antenna device according to claim 1, wherein the 
first conductor includes a quarter wave transformer and at 
least one transmission line segment. 

14. The antenna device according to claim 1, wherein 
the second and third conductive plates are each provided 

with at least one dividing slot formed by two or more 
substantially coexteoding plate portions. 

15. An antenna device for a portable radio communication 
device, comprising: 

a conductive first plate, 

a conductive second plate parallel to and spaced by a first 
spacing apart from the first plate on a first ade Uiereof, 
and having a first edge, 

a conductive grounding means essentially perpendicular 
to and intercoimecting the first and second plates along 
a portion of the first edge of the second plate, 

the first plate provided with a first aperture at a first 
distance from the grounding means, 

a first conductor extending across the first aperture spaced 
apart from the first plate on the first side thereof, and 

the first plate and the first conductor providing first and 
second feed portions, reject ively, to be connected to 
transmitting/receiving circuitry of the radio communi- 
cation device. 

16. The antenna device according to claim IS wherein 
the fir^ conductor extends through an opening in the 

grounding means, 
the first conductor and the grounding means are electri- 
cally insulated from each other. 

17. The antenna device according to claim IS, wherein 
the first plate is provided with a second aperture at a 

distance from the grounding means, 
a second conductor extending across the second aperture 

parallel to and spaced apart from the first plate on a 

second side thereof, 
the second conductor providing a third feed portion, to be 

connected to liansmitting^receiving circuitry of the 

radio communication device. 
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18. The antenna device according to claim 15, wherein 
the first conductor provides the second feed portion at the 

one side of the first aperture and has on the other side 
an open end at essentially one quarter of a wavelength. 

19. The antenna device according to claim 15, wherein 
the first conductor provides the second feed portion at the 

one side of the first aperture and is connected essen- 
tially immediately on the other side to the first plate. 

20. An antenna device according to claim 15, wherein 
the second plate is provided with a second aperture at a 

second di^aace from the grounding means so as to 
facilitate excitation of the second plate in two diflTerenl 
resonant modes. 

21. The antenna device according to claim 15. wherein 
the antenna device further comprises a conductive third 

plate parallel to and ^aced apart from the first plate on 

the first side thereof, 
the third plate connected to the second plate at the first 

edge and extending from the first edge in a direction 20 

opposite to that of the second plate, 
the first plate is provided with a second aperture at a 

second distance from the grounding means at a side 

thereof opposite to that of the first aperture, 
the first conductor extending across the second aperture as 25 

well as across the first aperture. 

22. The antenna device according to claim 21, wherein 
the third plate is provided with a third aperture at a third 

distance from the grounding means so as to facilitate 
excitation of the third plate in two difi'erent resonant 
modes. 

23. The antenna device according to claim 15, wherein 
the first conductor includes a transmission line being at 

least one in a group consisting of a microstrip line, a 
stripline, and a coplanar wave guide. 

24. The antenna device according to claim 15, wherein 
the first aperture has essentially a shape of one in a group 

consisting of a rectangle, a circle, an oval, an ellipse, a 
bow tie. and an arc. 

25. The antenna device according to claim 15. wherein 
the first conductor includes a quarter wave transformer 

and at least one transmission line segment. 

26. The antenna device according to claim 15, wherein 
the second conductive plate is provided with at least one 45 

dividing slot formed by two or more substantially 
coextending plate portions. 

27. An antenna device for a portable radio communication 
device, comprising; 

a conductive first plate, so 

a conductive second plate parallel to and spaced by a first 
spacing apart from the first plate on a first side thereof 
and having a first edge, 

a conductive grounding means essentially perpendicular 
to the first and second plates and interconnecting the 
first and second plates atong a portioD of the first edge 
of the second plate, 

the first plate provided with a first aperture at a first 
distance from the grounding means, 

a first conductor extending across the first aperture, 

the first plate and the first conductor providing first and 
second feed portions, re^ectively, to be connected to 
transmitting/receiving circuitry of the radio communi- 
cation device, and 

the first conductor providing the second feed portion at a 
first side of the first aperture and is connected essen- 


tially immediately on a second side of the first aperture 
to the first plate. 

28. The antenna device according to claim 27, wherein the 
second plate is provided with a second aperture at a second 

5 distance from the grounding means so as to facilitate exci- 
tation of the second plate in two different resonant modes. 

29. The antenna device according to claim 27, wherein the 
antenna device further comprises a conductive third plate 
parallel to and spaced apart from the first plate on the first 

10 side thereof, 

the third plate connected to the second plate at the first 
edge and extends from the first edge in a direction 
opposite to that of the second plate, 
the first plate is provided with a second aperUire at a 
second distance from the grounding means at a side 
thereof opposite to that of the first aperture, 
the first conductor extending across the second aperture as 
well as across the first aperture. 

30. The antenna device according to claim 29, wherein 
the third plate is provided with a third aperture at a third 

distance from the groimding means so as to facilitate 
excitation of the third plate in two diflferent resonant 
modes. 

31. The antenna device according to claim 27, wherein 
the first conductor includes a transmission line being at 

least one in a group consisting of a microstrip line, a 
stripline, and a coplanar wave guide. 

32. The antenna device according to claim 27, wherein 
the first aperture has essentially a shape of one in a group 

consisting of a rectangle, a circle, an oval, an ellipse, a 
bow tie, and an arc. 

33. The antenna device according to claim 27, wherein the 
first conductor includes a quarter wave transformer and at 
least one transmission line segment. 

34. The antenna device according to claim 27, wherein 
the second conductive plate is provided with at least one 

dividing slot formed by two or more substantially 
coextending plate portions. 
*° 35. An antenna device for a portable radio communication 
device, comprising: 
a conductive first plate, 

a conductive second plate parallel to and spaced by a first 
spadiig apart from the first plate on a first side thereof 
and having a first edge, 
a conductive grounding means essentially perpendicular 
to and interconnecting the first and second plates along 
a portion of the first edge of the second plate, 
the first plate provided with a first aperture at a first 

distance from the grounding means, 
a first conductor extending across the first aperture, 
the first plate and the first conductor providing first and 
second feed portion, respectively, to be connected to 
transmitting/receiving circuitry of the radio communi- 
cation device, and 
the first conductor arranged in a same plane as a the first 
plate wfaidi has a slot in order to leave a spadi^ 
between the first plate and the first conductor, said 
spacing extending on both sides of the first conductor 
at least firom the second feed portion to the first 
aperture. 

36. The antenna device according to claim 35, wherein 
the first coixluctor provides the second feed portion at a 
first side of the first aperture and has on a second side 
an open end at essentially one quarter of a wavelength. 
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37. The antenna device according to claim 35, wherein 
the first conductor provides the second feed portion at a 

first side of the first aperture and is connected essen- 
tially immediately on a second side to the first plate. 

38. The antenna device according to claim 35, wherein 
the second plate is provided with a second aperture at a 

second distance from the grounding means so as to 
facilitate excitation of the second plate in two different 
resonant modes. 

39. The antenna device according to claim 35, wherein 
the antenna device further comprises a conductive third 

plate parallel to and spaced apart from the first plate on 

the first side thereof, 
the third plate connected to the second plate at the first 35 

edge and extends from the first edge in a direction 

opposite to that of the second plate, 
the first plate b provided with a second apermre at a 

second distance from the grounding means at a side 

thereof opposite to that of the first aperture, 20 
the first conductor extends across the second aperture and 

across the first aperture. 

40. The antenna device according to claim 39, wherein 
the (bird plate is provided with a third aperture at a third 

distance from the grounding means so as to facilitate 
excitation of the third plate in two different resonant 
modes. 

41. The antenna device according to claim 35, wherein 
the first aperture has essentially a shape of one in a group 

consisting of a rectangle, a circle, an oval, an ellipse, a 
bow tie. and an arc. 

42. The antenna device according to claim 35, wherein 
the first conductor includes a quarter wave transformer 

and at least one transmission line segment. 

43. The antenna device according to claim 35, wherein 
the second conductive plate is provided with at least one 

dividing slot formed by two or more substantially 
cocxtending plate portions. 

44. An antenna device for a portable radio communication 40 
device, comprising: 

a conductive first plate, 

a conductive second plate parallel to and spaced by a first 
spacing apart from the first plate on a first side thereof 
and having a first edge, 

a conductive first grounding means essentially perpen- 
dicular to and interconnecting the first and second 
plates along a portion of the first ed^ of the second 
plate, 

the first plate provided with a first aperture at a first 

distance bom the first grounding means, 
a first conductor extending across the first aperture, 
the first plate and the first conductor providing first and 
second feed portions, respectively, to be connected to 
transmitting/receiving circuitry of the radio communi- 
cation device, 

the conductive first plate is provided with a second 

grounding means, on the first side of said first plate and 

opposite to the firsnt grounding means, 
the first aperture is located between the first grounding 

means and the second grounding means, 
a third conductive plate interconnected at a first edge to 

the conductive first plate via the second grounding 

means^ 
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the second and third conductive plates extending from 
their respective grounding means towards each other, 
leaving a spacing between the edges that are facing 
each other, and 

a conductive layer arranged between the conductive first, 
second and third plates. 

45. The antenna device according to claim 44, wherein 
the second and third conductive plates are arranged in a 

same plane and are parallel to the conductive first plate 
and the conductive layer, 
the first and second grounding means are arranged parallel 
to each other at opposed edges of the conductive first 
plate, 

the first aperture is parallel to the second grounding 
means. 

46. The antenna device according to claim 44, wherein 
the first conductor extends across the first aperture parallel 

to and spaced apart from the first plate on a second side 
thereof. 

47. The antenna device according to claim 44, wherein 
the first conductor extends across the first aperture spaced 

apart from the first plate on the first side thereof. 

48. The antenna device according to claim 47, wherein 
the first conductor extends through an opening or aperture 

in the first grounding means, 
the first conductor and the first grounding means are 
electrically insulated from each other. 

49. The antenna device according 10 claim 44, wherein 
the first conductor is arranged in a same plane as the first 

plate which has a slot in order to leave a spacing 
between the first plate and the first conductor, said 
spacing extending on both sides of the first conductor 
at least from the second feed portion to the first 
aperture. 

50. The antenna device according to claim 44, wherein 
the first conductor provides the second feed portion at the 

one side of the first aperture and has on the other side 
an open end at essentially one quarter of a wavelength. 

51. The antenna device according to claim 44, wherein 
the first conductor provides the second feed portion at the 

one side of the first aperture and is connected essen- 
tially immediately on the other side to the first plate. 

52. The antenna device according to claim 44, wherein 
the first conductor includes a transmission line being at 

least one in a group consisting of a microstrip line, a 
stripline, and a ooplanar wave guide. 

53. The antenna device according to claim 44, wherein 
the first aperture has essentially a shape of one in a group 

consisting of a rectan^e, a circle, an oval, an ellipse, a 
bow tie, and an arc. 

54. The antenna device according to claim 44, wherein 
the first conductor includes a quarter wave transformer 

and at least one transmission line. 

55. The antenna device according to claim 44, wherein 
the second and third conductive plates are eadi provided 

with at least one dividing slot formed by two or more 
substantially coextending plate portions. 
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